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(57) Abstract 

In a plant intended for driving traction motors e.g. railway locomotivcii or motor coaches, and which possibly comprises one or more 
electric machines provided with insuJated conductors, the magnetic circuit in the traction motor(s) and/or in at least one of the other electric 
machines is connected directly to a high supply voltage of 21-800 kV, preferably higher than 36 kV. The insulation in each traction motor 
and other electric machines is built up of a cable (6) formmg its winding, said cable (6) comprising one or more current-carrying conductors 
(31) with a number of strands (36), surrounded by at least two semiconducting layers (32/37) and intermediate insulating layers (36). Tlie 
traction motor(s) may be connected to the distribution network supplying the supply line of the railway without any other electric machine 
connected between, or via one or more of said other electric machines. The locomotive/motor coach may thus be constructed with only 
traction motor(s) without any other electric machine. 
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AN ELECTRIC DRIVE SYSTEM TOR VEHICLES 
Technical field: 

The presenc inveation relates to electric machines intended not 
5 connection to distribution or transmission networks/ hereinafter 
called power networks. More specifically the invention relates to 
a plant tor driving traction motors, e.g. railway locomotives and 
motor coaches, in which the traction motor and/or other electric 
machines included in the plant are provided with a magnetic circuit 
10 comprising a magnetic core and at least one winding. 

In conjunction with this the invention relates m the first place 
to an electric drive system of the type described in the preamble 
to claim 1^ in the second place to an electric power transmission 
means of the type described in the preamble to claim 30, ir; th^^ 
15 tihird place to a procedure tor electric power t ran smi s s ior\ ot the 
type described in the preamble to claim 3b, in the fourth place to 
an electric machine of the type described in the preambile to claimi 
36 and in the fifth place to a vehicle of the type described in the 
preamble to claims 2, 

20 Background art: 

The magnet i.c circuit in electric machines usually comprises d 
lami, nat.ed core^ e,g, of sheet, steel with a welded construction. To 
provide ventilation and cooling the core is often divided i.ntC' 
stacks with radial and/or axial ventilation ducts. For larger 

25 machines the laminations are punched out in segments which are 
attached to the frame of the machine, the laminated core being held 
together by pressure fingers and pressure rings. The winding of 
the magnetic circuit is disposed in slots in the core, the slots 
generally having a cross section inthe shape of a rectangle or 

30 trapezium. 

In multi-phase electric machines the windings are made as either 
single or double layer windings . With single layer windings there 
IS only one coil side per slot, whereas with double layer windings 
there are two coil sides per slot. By coil side is meant one or 
35 more conductors combined vertically or horizontally and provided 
With a common coil insulation, i.e. an insulation designed, to 
withstand the rated voltage of the machine to earth. 

Double- layer windings are generally made as diamond windings 
whereas single layer windings in the present context can be made as 
40 diaTnond or flat windings. Only one (possibly two) coil width 
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converters or mercury arc rectifiers, but: nowadays the conversion 
IS usually carried out: with 6 or I2-puise relays. 

The direct: ^.^oltaqe system has the advantage chat the current can be 
used directly in direct current motors. No heavy transformer is 
required in Che vehicle to step-down the voltage as is the - case 
with alternacing voltage. Vehicles supplied with direct voltage 
are therefore somewhat Less expensive and easier to produce. The 
low direct voltage is an advantage from the safety aspect, (for 
instance in underground railways where power busbars are used which 
may sometimes be exposed) . 

The drawoack with direct voltage operation is primarily the low 
voltage which means that the current, and consequently the voltage 
drop and losses, are considerable. This must be compensated by 
large conductor areas and closely spaced rectifier stat:Lf:)ns 
(normally less than 1 0 km between stations). This r e s u 1 1 i n 
expensive plants. The drawbacks are particularly noticeable at 
high power such as with high-speed traffic. Rectifier scar: ions 
with hign power must be built close together, and are only used 
during the short time the train passes the supply station in 
question. 

Before 1 1: became possible to use industrial fre<:fuenc:y (50 or 60 Hz) 
for traction motors, the first alternating voltaqe systems were 
electrified with i ow~ f requeru,:y voltage (Ih^/] or 2\) Hz) . Th- 
traction n\otor used for a long time in such systems was a | single- 
phase series commutator motor, also known a^5 a s i ng 1 e - pha s 
traction motor. This functions almost like a direct current motor 
except that both field and rotor current are reversed every hall 
period Since it is supplied with alternating current. To get the 
commutation to function without damaging o ve r - vo 1 tage s or electric 
arcs, low frequency and motors with low speed had to be chosen. 

The mam advantage with alternating systems as opposed to direct 
current systems is that the alternating voltage can be transformed 
(even though direct voltage can nowadays be transformed with so- 
called choppers}. It is thus possible to maintain a relatively 
high voltaqe on the overhead conductor m relation to Che voltage 
with which the motor operates. Due to the high voltage m the 
overhead conductor the current becomes lower, thus giving better 
power transmission ability and lower losses m the line netv;ork. 
Supply :-itations can be located r.ither far apart ( 60 - 1 2 0 ■ km ) . A 
drawback is, however, that the traction motors are large and Che 
control technology is complication. 
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the tzransformer consumes reactive power 

ri conventional transformer contfiins oii, w/^th the 
r3ssociated risks 

involves sensitive operation since the motor, via the 
5 transformer, works against a weaker network. 

Description of the invention: 

The ob]ect of the present invention is to provide a drive system 
and components therefor for electric railway operation and the 
Like, which solves some of the problems inherent in known systems 
10 1 n th L s a rea . 

This object is achieved according to the invention in the first 
place in that an electric drive system of the type described in the 
preamble to claim I is qiven the special features defined in the 
characterizing part of this claim, m the second place in that an 

!5 electric power transmission means of the type described m the 
preamble to claim 30 is given the special features defined in the 
characterizing part of this claim, in the third place in that a 
procedure of the type described in the preamble to claim ■ 35 i :> 
given the special features defined in the characterizing part .of 

20 this claim, in the fourth place, in that an electric machine of thf^ 
r^ype described in the preamble to claim 36 is given the special 
features define in the characterizing part of this claim, and in 
the fifth place m that, a veihicie of the type described in th,*- 
preamble to claim 4 2 is given the special features defined m tne 

25 characterizing part of this claim. 

The invention is thus based on a special technique for constructing 
electric machines, motors, generators, transformers, etc. in which 
the electric windings are produced with dry insulation in a special 
manner. This permits either elimination of the transformer and/or 
30 the construction of transformers without the drawbacks inherent in 
conventional ones that have been mentioned above. 

The drive system may include machines of various types in several 
phases of the power transmission from distribution network to 
vehicle wheels. It may naturally also include such special 

35 machines in only certain phases, combined with conventional 
machines . 

Thus a machine of the type to which the invention relates may be 
arranged either to transmit electric power from the distribution 
network to the supply line or to - transmit electric power from the 
40 supply line to the wheel anles . In the former case the machine m'^ay 
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the electric piant/ which is arranged to be directly connected via 
breakers and isolators to a hiqh supply voltage, up Co between 20 
and 800 kv, preferably hiqher than 3 6 kV . The magnetic circuit: 
thus comprises one or more Laminated cores with a winding 
5 consisting at a threaded cable having one or more permanently 
insulated conductors having a semiconducting layer both at the 
conductor and outside the insulation, the outer semiconducting 
layer being connected to ea r t h poten t ia 1 . 

To solve the problems arising with direct connection of electric 
10 machines, both rotating and static machines,, to all types or high- 
voltage power networks, at least one machine m the plant according 
to the invention has a number of features as mentioned above/ which 
differ distinctly from known technology. Additional features and 
further embodiments are defined in the dependent claims and are 
\5 discussed in, the following. 

The features mentioned above and other essential cha rac t e r i s 1 1 cs o i. 
the plant and at least one of the electric machines included 
therein according to the invention^ inc I ude the following: 

The winding for the magnetic circuit is produced from a 
20 cable having one or- more permanently insiilated conductors with a 
; semiconducting layer at., both: conductor and shea tn. Some typica! 
conductors of this type -are ;PE:x cable or a cable with EP rubber 
: insulation which, . however, , for t-he present: purpose are further 
deiveloped bot-h .as regards the strands m t:he conductor and the 
23 nature of the outer sheath. PEX - crossl inked pel y e t hy 1 ene { X L PC). . 
EP >^ ethylene propylene . 

- Cables with circular cross section are preferred, but 

cables with some other cross section may be used in order to obtain 
better packing density, for instance. 

30 . Such a cable allows the 1 ami na ted ■ core to be designed 

according to the invention in a new and optimal way as regards 

slots and teeth , 

The winding is preferably manufactured with insulation in 

steps for best ut il i za t ion o f the laminaced core. 
35 • The winding is preferably manufactured as a multi-layered, 

concentric cable winding, thus enabling the number of coil-end 

intersections to be reduced. 

The slot design is suited to the cross section of the 
winding cable so that the slots are in the form of a number of 
40 cyiindrical openings running axial ly and/or radially outside each 
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gained chat: defects, cracks and the like are avoided during thermal 
movement, j.n Che winding. 

In another- aspect of the invention, i:he object stated has been 
achieved m that a system of the type described in the preamble to 
5 ciaim 28 is given the special features defined in the 
characterizing part of this claim. 

Since the insulation system, suitably permanent, is designed so 
that' from the thermal. and electrical point of view it is 
dimensioned for over 36 kV, the system can be connected to high- 
10 voltage power networks without any intermediate step -down 
transformer, thereby achieving the advantages referred to above. 
Such, .a system is preferably, but not necessarily, constructed to 
include th^- features defined for system as claimed m any of claims 

\5 The above -men t loned and other advantageous embodiments of ch>"^ 
invention are defined in the dependen t c 1 a ims . 

Brief description of the drawings : 

The invention will, be described in more detail in the f ol lowmcf 
detailed description of a preferred embodiment of the construction 
20 of the magnetic circuit of an electric machine m the plant, with 
reference to the accompanying drawings in which 

s h w s a 5 c h e m a l i. c a x i a I ■ e n d v i r w o f .-i s e c t or o r ^. h 
stator. m an eLer:tric machine in the pi, anr acco rd i ng t. - > 
t he inven t lOr; , 

shows an end view, step-stripped, of a cable used in the 
winding of the stator according to Figure I, 

shows a basic circuit for the supply of traction motors 
in railway operation according to known technology, 

shows a basic circuit corresponding to that shown in 
Figure 3, tot supply of traction motors in railway 
operation according to the present invention, and 

shows a basic circuit for an alternative embodiment for 
the supply of traction motors in railway operation 
according to the present invention. 



F I gu re 1 



25 Figure 



Figure 3 



Figure A 



Figure 5 
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the transformer core can be designed without takinq into 
consideration any eLectric field d i s t r i. bu 1 1. on , 

no oil is required for electric insulation of cable and 
winding and instead the cable and winding can be surrounded by air, 

5 • no special bushing is required as is the case fo r oi i - f 1 1 led 

transformers, for electrical communication between the outer 
connections of the transformer and the co i i s / w i nd i ngs located 
the re 1 n , a nd 

the manufacturing and testing technology required for a dry 
to transformer with magnetic circuit as described above, is 
considerably simpler that is required for conventional 
trans formers/ reactors . 

Figure 2 shows a step-wise stripped end view of a high-voltage 
cable for use in an electric machine included m the plant 

15 according to the present invention. The hiqh-voltage cable b 
comprises one or mo re conduc to r s 3 U each of which comprises a 
number of strands 36 which together give a circular cross section 
of copper (Cu); for instance. These conductors 31 are arranged in 
the middle of the high-voltage cable 6 and are surrounded in the 

20 embodiment shown by a part insulation ,35. However, it: is feasible 
for the part insula 1 1 on 3S t.o be omitted on one of the conductors 
31. In the present embodiment ot: the "i n vent ion the conduc to r s , 3 1 
are together -surrounded by a first semiconducting layer 32. . Around 
this tirst semiconducting layer 32 i s , an insulating layer 33, e.g. 

25 PEX insulation, which is in turn surrounded by a secono 
semiconducting layer 34. Thus the concept ;^high-vqTtage cable" in 
this application need not include any metallic screen or outer 
sheath of the type that normally surrounds such a cable for power 
di s tribu t ion . 

30 The use of electric machines provided with magnetic circuits of the 
type described above enables the electric supply of traction 
motors, as well as the traction motors themselves, to be greatly 
simplified and made more efficient. In railway operation with 
alternating voltage the supply voltages currently used are 

35 generally 16 kV, 162/3 or 25 Hz, 50 Hz in the supply line 104 from 
which the locomotive 110 via its current collector 112 supplies one 
or more tract ion motors 1 14 , as shown in Figure 3. 

For supply of the supply line 104, this known supply plant requires 
a transformer lOIin order to step down the voltage from a general 
40 3-phase distribution network 100, e.g. for voltages of 130 or 
22Q kV, 50 or 60 Hz, to 16 or 25 kV, 50 or 60 Hz . A converter ,102 



wo 97/45288 PCT/SE97/00888 

1 3 

significant, advantage of reduced weiqtu, tor tho i ocomot i ve /mo to r 
coach, and ^:on .-^eque ri t I y imp roved economy Tor v. ho? railway company. 

Another embodiment of the plant shown m Fiqure 4 is revealed in 
Figure 5 where the same motor generator 105 supplies the railway 
5 supply line 104. The i ocomo t i ve /mo to r coach 110, however^ is here 
equipped with a dry transformer 116 of the type described above 
With reference to Figure 1, which supplies a conventional traction 
motor 11 4 . 

Although certain voltage values have been noted above and on the- 
10 drawings, these shall only be considered as examples. Similarly, 
various combinations of conventionally designed electric machines 
and electric machines provided with the magnetic c ircu i t accord i nq 
to the invention are feasible in the plant according to the: present 
invention. The . invention shall nor therefore be deemed as 

IS restricted to the p 1 a n t s de s c r i bed with re f'e rcMice ' o the drawi.ru]'-, 
but covers all teas i b I p Ian t s def ined in the appended c la ims . 



i 
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9. A drive system as claimed in claim 8, characterized 
in that: the selected po t e n 1 1 a 1 i s earth potential. 

10. A drive system as claimed in any of claims ^)~7^ 
characterized in that the current - car r y inq conductor 

5 comprises a plurality of strands^ only a few of the strands not 
being insulated from each other. 

11. A drive system as claimed m any ot claims i-LO/ 
characterized in that the windinq consists of a cable 
comprising one or more current-carrying conductors (2), each 

10 conductor consisting of a number of strands, an inner 
semiconducting layer (3) being arranged around each conductor, an 
insulating layer (4) of solid insulation being arranged around each 
inner semiconducting layer. (3) and an outer semiconducting layer 
(S) being arranged around each insulating layer {'^) . 

(5 12- A drive system as ciairned m claim 11, 

c ha racteri zed in that the cable also comp rises a me ta 1 
screen and a sheath. 

13. A drive system as claimed in any ot the preceding claims, 

c h a r a c t e r ized i n tha t the magnetic circuit contains air 
20 or other insulating gases. 

■14. A; drive system as claimed in claim 3/ characterized 

in. tha t the winding{s) of ciie magnetic circuit, and also the 
permanently insulated connection conductors for high tension 
1 current between the system units are p roduced us i nq a : cab i e ( 6 ) 

25 with solid insulation for high voltage and comprising at least two, 
semiconducting layers ( 32, 34), and also strands (36) which may be 
insulated or uninsulated . 

15. A drive system as claimed in either claim 5 or claim 14, 

c h a r a c t e r i z e d i n that the high-voltage cables (6) have a 
30 conductor area of between 30 and 3000 mm^ and have an outer cable 
diam,eter of between 10 and 2SG mm. 

16- A drive system as claimed in any of the preceding claims, 

c h a r a c t e r i ^ e d in chat the outer semiconducting layer 
(34) is connected to earth potential, 

35 17. A drive system as claimed in any of the preceding claims, 

characterized in that the wind ing of at least one of 
said machines is arranged for sel f -regular ing field control and 
lacks auxiliary means for control of the field. 

19 • A drive 5 ys tern as claimed in any of the preceding cla ims , 

40 characterized that one of said at least one of said 
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each electric machine having ar, least: one winding, 
c h a r a c r, e r i e d i n t h a r ai: least: one ot said machines has a 
windinq comprismq an insuLatiion system which, as regards its 
thermal and electrical properties, permits a voltage level in the 
5 machine in excess of 36 kV. 

29. An electric drive system as claimed in claim 28, 
characterized in that the machine includes the features 
defined in any of claims 1-27. 

30. An electric power transmission means between a distribution 
iO network and an overhead conductor intended for electrically 

operated vehicles , comprising an e lec tri c: ma ch i ne provided with at 
least one winding, c h a r.a c t e r i z e d , l n t h a t the winding 
comprises an insulation system comprising at least two semi - 
conducing layers, each layer cons 1 1 1 li 1 1 nq essentially an 
13 equ ipoten tia 1 surface, and sol id insulation therebetween . 

31. A means as claimed in claim 30/ c h a r a c t e r i z e d , i n 
that the- machine is. a transformer for step-down transforming 
from the voltage level of the distribution network to the voltage 
level of the overhead conductor. 

20 32- A means as claimed in claim 31, characterized i rt 

t h a t the machine is a motor generator in which the motor is 
supplied with the voltage of the distribution network and the 
c7 e n e r a t o r e m i t s . a vol t a g e . c o r r e s pond i r \ q t f j the v o 1 t a g e 1 e v e I o f t h e 
() ve r head conduct o r . 

2S j 3 . A means as claimed in ■■claim 32, c h a r a c t e r i z e d i n 

that the motor generator .comprises the features defined for the 
motor generator claimed in any o f claims 2 2 -2 4 . 

34. A means as claimed in either of claims 31-32/ 
characterized in that the machine comprises the features 

30 defined for said at least one of the machines m any of claims 

2- 171 ■■■■ ■ 

35. A procedure for transmitting electric power from a 
distribution network to an overhead conductor intended for 
electrical 1 y powe red vehicles, characterized in that the 

35 electric power is transmitted by a means as claimed m any of 
cla ims 30- 34 . 

36. An electric machine in a vehicle such as a railway 
locomotive or a motor coach, in which the electric power is 
obtained from an overhead conductor, said machine being arranged to 

40 transmit the electric power from the overhead conductor to the 
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connected be twee in or Via one or more or sdiu ulucr CI ct^un. uuiciMut..^. 
traction motor(s) without any other electric machine- 
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1 B 

drive shrifts of the \/ehiclG, and said machir^o bemq providea wir.li 
at ieasL one winding, characterized in t. h a t the wMK.lxnq 
comprises an insuLaCion system consirstinq ot at least two 
s ami conduct I nq layers, each layer cons c i tut mq essentially cin 
5 equipotent la 1 surface, and solid insulation between them. 

37. An electric machine as claimed in claim 36, 

characterJLzed in that the mach me i s a trans t'o rme r for 
step-down transformation of the voltage of the overhead conductor 
to the voltage of a traction motor in the vehicle. 

!0 38. An electric machine as claimed in clain\ 3/, 

characterized in that rhe transformer is cooled at earth 
po ten t la 1 . 

39. An electric machine as claimed ,in claim US or claim 38/ 
characterized in that the maqnetic circuit oi th-; 

i5 transformer is ot core or shell type. 

40. An electric machine as claimed in claim 36, 
characterL;:ed i n t h t the ma ch i ne is a traction mo t o r 
connected to the overhead conductor without an I n t:e rmecl i a t(» 
t rans f o rmer . 

20 4 1. An electric machine as claimed m any of claims 3G~A0, 

characterized in that the machine includes the features 
defined for said at least c^nn mrichine claimed m any of cluim:^. 
2- 17 . 

42. An electrically powered vehicle wtiich obt a i r\s dr i v i ncj power 

25 from an overhead conductor, c h .'i r a c t e r i z e d i l^ t, h a t the 
vehicle is provided with at least one machine as claimed in any or 
claims 36-4 I . 
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machines is arranged between the di s t, r itau t ion network and the 
suppi y Line. 

19. A drive system as ciai med m claim 18, characterize d 
in that said machine is a transformer for step -down 

5 transforming from the voltage Level of the distribution network to 
the voltage level of the overhead conductor. 

20. A drive system as claimed in claim 18 , characterized 
in that said machine is a motor generator in which the motor is 
supplied with the voltage of the distribution network and the 

10 generator emits a voltage corresponding to the voltage level of the 
supply line. 

21 . A drive system as claimed in claim 20, characterized 

in that the rotor shaft of the motor is connected directly to 
the generator shaft. 

15 22. A drive system as claimed m claim 2 0 or claim 21, 

characterized in that the generator is of single -phase 
type- 

2 3 . A drive system as claimed in claim 22, c h a r. a c t o r .i z e d 

in that the frequency of the is an integer part of the^ network 
20 freguency, preferably 16^/3, 20 or 2 5 Hz. 

2 4. A drive system as claimed in any of the preceding claims, 

characterized in that at- Least one of said at least one 
machine is arranged in the vehicle. I 

25. Adrivesys tem as c 1 a imed in claim 24, characterize d 
25 in that said at least one machine arranged in the vehicle is a 

transformer for step-down transformation of the voltage of the 
overhead conductor to the voltage or the traction motoi . 

26. A drive system as claimed in claim 24, characterized 
in that the at least one machine arranged in the vehicle is at 

30 least one traction motor in the vehicle. 

27. A drive system as claimed in claim 26, characterized 
in that said at least one traction motor is supplied directly 
with voltage from the supply line without intermediate connection 
of another electric machine. 

35 28. An electric drive system for driving vehicles, e.g. railway 

locomotives and motor coaches, in which- electric power is 
transferred from a distribution network via an overhead conductor 
and at least one traction motor to the mechanical drive shafts of 
the vehicle, the system comprising at least two electric machines 

40 arranged between the distribution network and the drive shaft5^ 
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1 n 



CLAIMS 



1. An electric drive system for driving veh i c I / e . q . railway 

locomotives and motor coaches, in which eleccric power is 
5 transferred from a distribution network via an overhead conductor 
and at least one traction motor to the mechanical drive shafts of 
the vehicle, the system comprising at least one electric machines 
arranged between the distribution network and the drive shafts, 
each electric machine having at least one winding, 
10 characterized in that at Least one of said machines has a 
winding comprising an insulation system consisting of at least two 
semiconducting layers, each layer constituting essentially an 
equipotent la 1 surface, and solid insulation between them. 



2 . A dr 1 ve sy s tern as cl a imed in claim I , t; n a r a c t e r i z e ci 

15 in that at Least one of sa id L a ye r s ha s subs ta n t la I L y the same 
coefficient of thermal expansion as the solid insulation. 

J . A drive system as c: la i med i n claim L , characterized 

in that said at least, one ma c h i n e c omp r i s e s a ma g n e t i c c i r c u i c 
with a magnetic core. 

20 4. A drive system as claimed in cLaim 3, c h a r a c. t e r i: 2 e d 

i n t h a t the flux paths m the core of the magnetic circuit in 
said at Least one machine , ilOb, 116) m the oLant consists of 



Laminated sheet plate and/or rough |forged iron and/or cast iron and 

il ■ ■ 

or powder-based iron. 

25 b . A drive system as claimed m any ot claims 1 - 1 , 

characterized in that the solid insuiation is built up 
of a cable (6) intended for high voltage, comprising one or more 
currents-carrying conductors (31) surrounded by at least two 
semiconducting layers (32, 3^) with intermediate insulating layers 

30 (33) of solid insulation. 

6. A drive system as claimed in cLaim 5, characterized 
in that the innermost semiconducting layer (32} is at 
substantially the same potential as the conductor (s) (31} . 

7. A drive system as claimed in either claim 5 or claim 6, 
35 characterized in that one o f the outer semiconducting 

layers (34) is arranged to form essentially an equ ipo ten 1 1 a 1 
surtace surrounding the conductor(s) (31). 

8 . A drive system as claimed in claim 6, characterized 

in that said outer semiconducting layer (34) is connected to a 
40 selected potential . 
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L2 



is also required to convert the voltage to l-phase and, m the case 
with 16 kV to 16^/3 Hz, to be fed out on the railway supply line 

104 . 

Known traction motors 114 for alternating voltage are normally 
5 driven by voltages of up to 1 kV and the locomotive 110 must 
therefore be equipped with a transformer 113 and with speed-control 
equipment, the latter constituting thyristors in modern 
locomo 1 1 ve 5 . 

The transformers 101 and 113 used m the known plant are oil-fiiied 
!0 and have a number of mechanical and electrical drawbacks, as well 
as incurring environmental problems. The rotating machines 102 and 
114 used for; converting and operation m the known plants have 
various problems, both mechanical and electrical, that can be dealc 
with to a more or less satisfactory extent. 

15 The above-mentioned problems can be eliminated, or at any rate 
minimized, by designing the magnetic circuits in at least one of 
the electric machines included in the plant, m accordance with the 
present invention. 

According to one embodiment of the plant according to the 
20 invention, the voltage for the supply line 104 is provided by a 
motor generator 105, driven directly from the 3-phase distribution 
network 100 with no intermediate transformer. The motor generator 

105 comprises a j-phase motor 106 connected directly to the 
distribution network 100, the magnetic circuit of the motor being 

25 formed in tne manner described above with reference to E^iqures 1 
and 2. The shaft 107 of the electric 3-pha3e motor is common to a 
generator 108 belonging to the motor generator 105 and thus driven 
by the 3~phase motor. The magnetic circuit of the generator 108 is 
suitably built up in the same way as described with reference to 

30 Figures 1 and 2 (but need not necessarily have this design). The 
generator 108 supplies the voltage type used on the railway supply 
line 104 . 

Conventional locomotives and motor coaches 110 may be used for 
supplying the supply line 104 from the generator 108. However, 

35 further significant advantages are obtained with locomotives or 
motor coaches equipped with one or more traction motors 115 (Figure 
4), with magnet.ic circuits designed m accordance with the 
description with reference to Figures 1 and 2. Such a traction 
motor 115 is thus driven directly from the supply line 104 without 

40 any intermediate transformer or t hy r i s to r con t ro I . Over and above 
the advantages already mentioned, therefore, this also offers the 
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Description of a preferred embodiment: 

In the schematic a x l a j view through ri sector o \: Che s t: a t o r 1 
according to Figure 1, pertaining to an electric machine or 
rotating type included in the plant according to the invention, the 
5 rotor 2 of the ma chine is also indicated. The stator I is composed 
of a laminated core in conventional manner. Figure I shows a 
sector of the machine corresponding to one pole pitch. From a 
yoke part 3 of the core situated radially outermost, a number of 
teeth 4 extend radially in towards the rotor 2 and are separated by 

10 slots 5 in which the stator winding is arranged- Cables 6 forming 
this stator winding, are high-voltage cables which may be of 
substantially the same type as those used for power distribution, 
I.e. PEX cables. One difference is that the outer, mechanically- 
protective sheath, and the metal screen normally surrounding such 

i.5 power distribution cables are eliminated so that the cable for r. he 
present application comprises only the conductor and at least one 
semiconducting layer on each side of an insulating layer. Thus, 
the semiconducting layer which is sensitive to mechanical damage 
lies naked on the surlace o f r; he cab le . 

20 The cables are illustrated schematically in Figure I, only the 
conducting central part of eacli cable part or co i I side being drawn 
in. As can be seen, each slot 5 has varying cross section with 
alternating wide parts '< and narrow parts B. The wide parts V are 
substantially circular and surround the cabling, the waist parts 

25 between these forming narrow parts B. The waist parts servo to 
radially fix the position of tiach cable. The cross section o !: i. tie 
slot 5 also narrows radially inwards. This is because the voltage 
on the cable parts is lower the closer to the radially inner part 
of the stator 1 they are situated. Slimmer cabling can therefore 

30 be used there, whereas coarser cabling is necessary further out. 
In the example illustrated cables of three different dimensions are 
used, arranged m three correspondingly dimens loned sect ions , 51, 
52/53ofslots5. 

The above description of the magnetic circuit for a rotating 
35 electric machine built up witt: the cable b is also applicable cc 
static electric machines such as t rans f o rmer s , reactor windings and 
the like. The following important advantages are obtained both 
from the design and the manufacturing point of view: 

the windings of the transformer can be constructed without 
^0 consideration to any electric field distribution .and the 
problematical transposition of parts in known technology i-s thus 
unnece*s sa r y , 



wo 97/45288 



8 



PCT/SE97/00888 



other and having an open waist: running between the layers o t: tho 
armature wi. nding. 

The design ot the slots is ad]usted to the relevant cabl^' 
cross section and to the stepped insulation of the winding. The 
5 stepped insulation allows the magnetic core to have substantially 
constant tooth width, ir respective of the radial extension. 

The above-mentioned further development as regards the 
strands entails the winding conductors consisting of a number of 
impacted strata/layers, i.e. insulated strands that from the point: 
to of view of an electric machine/ are not necessarily correctly 
transposed, uninsulated and /o r insulated f rom each other. 

The above-mentioned further development as regards the 
outer sheath, entails that at suitable points along the length ot 
the conductor, the outer sheath is cut oft, each cut partial. Length 
15 being connected directly to earth potential. 

The use of a cable of the type described above allows the entire 
length of the outer sheath of the winding, as well as other parts 
of the plant, to be kept at earth potential. An important 
advantage is that the electric field is close to zero withm the 
20 coil-end region outside the outer semiconducting layer. With eartf) 
potential on the outer sheath the electric field need not be 
controlled. This means that: no field concentrations will occur 
either in t h e co r e , in the r. o i \. - e n d r e q ion s ' ■'o r i n t h e t r a n s 1 1 i o w 

i 

be t: wee n t hem . ' ' ■ . ^ ■ ' . 

25 h e mix t u re of insulated an d / o r u n i n s \ i L a t e d impacted s t r an d s , o : 
transposed strands, results in Tow stray losses. 

The cable for high voltage used in the magnetic circuit winding is 

built up of an inner core/conductor with a plurality of strands, at 

least one semiconducting layer, the innermost being surrounded by 
30 an insulating layer, which is in turn surrounded by an outer 

semiconducting layer having an outer diameter in the order of 
10-250 rmn and a conductor area m the order of 40-3000 mm^. 

If at least one of the machines in the plant according to the 
invention is constructed in the manner specified, start and control 
35 of the motor (s) used in the locomotive of motor coach can bo 
achieved with the start methods, known per se, described by way ot 
example in the literature discussed m the introduction. 

According to a particularly preferred embodiment of the invention, 
at least two of these layers, preferably all three, have the same 
40 coefficient of thermal expansion. The decisive benefit is thus 
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be a transformer or a motor generator operacinq as converter. in 
the latter case the ma chine may be a t r a n s o r mc r or a t r a c t l o n 
motor which does not then need any transformer. The a 1 1 e rna 1 1 v/e s 
may of course be combined. 

5 The drive system and the components according to the invention can 
be adapted to the electric supply system of various railway systems 
and, with applicable modifications, is intended for railway systems 
with external power supply or with their own power supply system, 
for railways with different voltage levels and different 
iO frequencies and for both alternating and direct current systems, as 
well as for both synchronous and asynchronous motor operation. 

The various aspects of the invention can be considered as relatir.q 
to the total system, to the distribution system and to the vehicle. 

The following provides an exp 1 ana 1 1 on o t a num.ber of the benefits 
15 offered by the invention. Advantages relating particularly co 
certain preferred embodiments are also pointed out. A number of 
additional particularly preferred embodiments ace also defined in 
the dependent claims, claims 2-16 relating especially , to 
advantageous embodiments of the actual machines in the system. 

20 In cases when a transformer is deemed necessary, ir is an obgecr, of 
the present invention that the transformer shall be manufactured 
using a cable of the same type and iri corresponding manner as for 
the other electric machines included m the plant and, tor 
instance, as stated in SE:-A-9T00335-^ , 

25 The advantage gained by satisfying the above objects is the 
avoidance of an intermediate, oii-filied transformer, the reactance 
of which otherwise consumes reactive power. Advantages are also 
gained in network quality since rotating compensation exists. With 
a plant according to the invention the overload capacity is 

30 increased which, with the invention may be flOO %, The control 
area is larger than existing technology. 

To achieve this, the magnetic circuit and its conductors m at 
least one of the electric machines included in the plant are 
produced with threaded permanently insulated cable and included 
35 earth. "Plant" here refers both to the part of the electric 
network supplying the supply line for the railway and also the part 
in the locomotive or motor coach that collects voltage from tne 
supply line. 

The major and essential difference between known technology and the 
40 embodiment according to the invention is thus that this is achieved 
with a ma n n e t i r circuit included i n a t- 1 ^ s r one o f t h e ma c h i n e s i n 
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Another drawback is Che need for frequency converters where motor 
generators would normally be used, i.e. generally a 50 Hz 
synchro no u-'^i motor, which drives a single -phase 16^-/3 Hz synchronous 
generator. The motor has three times as many poles as the 
5 generator. The rotating converters are built tor a rather Low 
nominal voltage (6 kV) so as to avoid the insulation having to be 
too stronq. Transformers are" therefore required both before and 
after the converters. Several converters are usually operated in 
parallel in the same plant, 

10 The rotating converters can produce reactive power which is able to 
compensate the reactive power losses arising m the overhead 
conductor network and m the vehicle. The rotating convercer alsc 
provides electric separation between the public distribucion 
network and the overhead conductor system. 

i 5 The mam drawback of rotating converters is that start-up o t r. h e 
Large synchronous machines is time-consuming and phasing m is 
complicated. It must be possible to satisfy a sudden demand tor 
power. The machines must therefore be run as reserves at no load 
or with lower power for long periods. Another drawback is the 

20. energy losses which are partly, caused by the above-mentioned 
operation at no load. 

In new installations the rotating converters have been replaced by 
static converters. Static: c o [Tver t e r s a r e l e x p o n s i v e in l [ 1 1 1 1 <:i I 
c||U t i a y and in maintenance. They also offer a d vvi n t ago s i n ( ^ u i 'j k r 
25 starts and lower energy losses. fiowever, ttie harmonics are hiuher 
on both the three-phase and the single-phase side. Furthermore, 
static converters are unable to generate reactive power to 
compensate voltage drops caused by inductive load. 

As IS clear from the above, the various systems used for 
30 electrically operated railways are relatively complicated and 
expens i ve . 

Machines of the above-mentioned type, with conventional stacor 
winding, cannot be connected to a high-voltage network at e.g. 
145 kV without the use of a transformer to lower the voltage. The 
35 use of a motor in this way, connected to the high-voltage network 
via a transformer, entails a number of drawbacks as compared with 
if - the motor could . be connected directly to the h igh- vo L tage 
network. The fol lowing drawbacks may be noted, among others: 

the transformer is expensive, increases transport costs and 
40 requires space 

the transformer lowers the e f f ic i ency o f t he system 
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exists in diamond windinqs whereas tlal windings are made as 
concentric windings, i.e. witih widely varyinq col width. By coil 
width 13 meant the distance in arc dimension betweei\ two coii sides 
pertaining to the same coii. 

5 Normally ail large machines are made with double-layer winding and 

coiis of the same size. Each coi 1 is placed wi ch one side in one 

layer and the other side in the other layer. This means that all 

coils cross each other in the coil end. If there are more than two 

layers these crossings complicate the winding work and the coil end 
!0 IS less satisfactory. 

For historical reasons a number of supply systems with different 
voltage and frequency have been developed for railway operation. 
Once a system has become established in an area^ changing ro 
another system entails vast, expense and disturbance in operation. 

15 In principle there are six standard solutions for supply voltages, 
three of which are direct: voltage systems and three alternating 
voltage systems. This has meant that many traction vehicles 
(locomotives and motor coaches) and passenger coaches must be buiir. 
for more than one supply system . Locomot i ves and coaches for 

20 integrated traffic between different countries exist today which 
can manage up to four diffe.rent supply systems. 

h:iectric energy for track supply can either be taken from the 
general distribution network or be generated in power stations ruM 
by the railway. The arrangements will differ depending on whether 

2 5 the supp 1 y i s a 1 te r na 1 1 ng o r d i rec t cur r-en tension. In c he ca s*- 
of di rect current electrification coctifier stations are requircvl 
for conversion from the alternating voltage supplied by the public 
distribution network. These rectifier stations supply direct 
voltage at certain points along the railway. In the case of 

30 alternating current eiectrificationwith industrial frequency {50 
or 60 Hz) only transformers are necessary at ce r ta i n po i n t s . This 
is the simplest and least expensive solution and has the lowest 
power losses. In the case oi electrification with low- frequency 
alternating current (16^/3 or 25 Hz), converter stations are 

35 required to convert the voltage from the industrial frequency o^ 
the public distribution network, or special power stations and 
special distribution networks for the I ow- £ reque ncy altecnating 
current. 

Direct-voltage electrification was chosen originally because a 
40 suitable and simply controlled motor, the series-excited direct 
current motor, was available. Previously three-phase alternating 
voltage was, converted to d i rect vo 1 tage with the aid of rotating 
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SD 
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OK 
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LK 


Sri Lanka 


SE 
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LR 
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